known to be mediated by D 2 R was counteracted by L-368,899. These results are in line with our demonstration of an oxytocininduced increase in D 2 R-like recognition (increased agonist affinity and density) at this concentration, which may to a high degree mediate the increase in D 2 R/Gi/o coupling produced by oxytocin in the membrane preparations from the Acb.
Working memory is impaired in a number of psychiatric conditions. 1, 2 An important role of alpha Ca2 þ /calmodulin dependent protein kinase II in learning and memory has been shown in rodent models. However, these findings have not been confirmed in humans yet. Here, we report genetic associations between the human CAMK2A gene and the performance in a spatial and a non-spatial working memory (non-SWM) task in two independent human samples.
Rodent models have shown that a dysfunction of alpha Ca2 þ / calmodulin dependent protein kinase II severely impairs learning and memory formation [3] [4] [5] and emotional behavior. 6 Although the association between alpha Ca2 þ /calmodulin dependent protein kinase II and learning and memory deficits has been well established in rodent models, an association has not yet been reported in humans. In the present study, we investigated the genetic association of 31 single-nucleotide polymorphisms (SNPs) in the human CAMK2A gene with performance in a SWM task, as measured by CANTAB (Cambridge Cognition, UK), in a sample of 558 healthy adolescents (269 males and 289 females). Caucasian participants, 13-to 14-year-old, were drawn from the IMAGEN project. 7 Participants were genotyped using the Illumina Quad 610 arrays (Illumina, San Diego, CA, USA). 7 This array included 31 SNPs located in the CAMK2A gene, which were tested for association with a delayed SWM task condition in the CANTAB battery (Supplementary Table 1 ). The SWM subtask is a computerized, selfordered test of the ability to retain spatial information in working memory (full task description: see Supplementary Materials 1). A strategy score indicates the participant's efficiency in completing the task, with lower scores representing more efficient performance. We used linear regression models to examine the association between each SNP and strategy performance on the SWM. All analyzes were adjusted with the following covariates: age, sex, handedness, study site and intelligence quotient. All SNPs were within Hardy-Weinberg Equilibrium (Supplementary  Table 2 ) and all P-values were corrected using the false discovery rate (FDR) procedure.
8 R-square values represent the degree of linkage disequilibrium between two loci. PLINK software (free open source analysis tool) was used for all analysis. B max (fmol mg 
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Of the 31 SNPs typed from the CAMK2A gene, three were found to be significantly associated with task performance on the SWM strategy score; rs874083 (P ¼ 6.95 Â 10 Table 3 ). Minimal linkage disequilibrium was found between rs10463293 and rs874083 (0.129), and rs10463293 and rs7701427 (0.245). However, there was a moderate association between rs874083 and rs7701427 (0.656), suggesting some degree of linkage between these SNPs (Supplementary Figure 1) . Working memory activity is correlated with frontal cortex and hippocampus volume in healthy volunteers and schizophrenic patients. 9 We used structural magnetic resonance imaging in this population, 7 but did not find any associations between CAMK2A and volume, thickness or surface area in 14 frontal cortex subregions or the hippocampus after FDR correction (Supplementary Material 2) . Although CAMK2A was not associated with any gross morphological changes in the brain in the current study, a mouse study has found changes in baseline neurotransmitter levels. Reduced functioning of alpha Ca2 þ /calmodulin dependent protein kinase II did not affect basal dopamine or noradrenalin levels in the prefrontal cortex of mice, but enhanced serotonin activity (Supplementary Materials 3) .
In order to confirm the role of the CAMK2A gene in working memory we investigated a sample of 472 healthy Caucasian adults (285 females, 187 males), 18-to 28-year-old, from Switzerland. SNPs were genotyped using the Genome-Wide Human SNP Array 6.0 (Affymetrix, Santa Clara, CA, USA). 10 This included 18 SNPs located in the CAMK2A gene (Supplementary Table 4 ). These SNPs were tested for association with performance in the forward digit span task. Of the SNPs typed from the CAMK2A gene, one was found to be significantly associated with performance in this task (z-transformed scores; Figure 1d ): rs34087853 (P ¼ 0.0078; r 2 ¼ 0.019). SNP rs34087853 is in significant, albeit rather weak, linkage disequilibrium with rs874083, (0.3), which is located 6 kb distant to rs34087853 (Supplementary Figure 2) .
Overall, our results suggest that the CAMK2A gene may influence spatial and non-SWM performance in humans without any corresponding gross changes in frontal cortex or hippocampal anatomy. This finding supports and extends crucial findings from animal models [3] [4] [5] into human cognition and provides a link between working memory deficits and mental disorders. Letters to the Editor
